Relative work functions of vicinal surfaces to the (100) plane copper surface were determined from the ∆φ changes during adsorption of potassium. The initial value of the work function of the dierent planes was determined from its saturation value under the condition that it corresponds to the potassium overlayer of the same structure and density. It was found that the work function decreases linearly with step density for this step orientation.
Introduction
Steps on metal surfaces are an interesting topic for investigation because they can play a role as a prototype of surface defects which are always present in any surface in nature. Stepped surfaces with well-dened step densities are easily prepared with the use of vicinal surfaces, i.e. crystal surfaces whose surface normal is close to those of low-index planes [14] . Experimental and theoretical studies have shown the dierent chemistry of stepped and smooth surfaces [58] . The work function of these surfaces decreases with increasing step density and depends on the step orientation. Such a behavior was interpreted as an eect caused by additional dipole moments at the edge atoms.
Various experiments in many cases show the dierent reactivity of stepped and smooth copper surfaces [911] .
In this work we present a simple experiment which clearly shows the dierence in work function (and as a consequence its electronic structure) among the vicinal plane to the (100) plane of copper. The (100), (119) and (115) surfaces are regularly stepped copper single crystal planes with the same edges but with dierent width and as a consequence they have a dierent step density (Fig. 1) . A correlation between the work function of a surface saturated with an adsorbate and the work function of * corresponding author; e-mail: pjg@ifd.uni.wroc.pl the corresponding clean substrate was pointed out in the past [12] . Determination of the work function of the clean surfaces is based on the precise measurements of the work function changes obtained during alkali metal adsorption on the planes at the same experimental conditions (including UHV surroundings, alkali ux, and substrate temperature). From the dierences in the saturation level of the ∆φ, the relative value of the work function of the initial substrate surfaces is derived for all the planes under investigations.
Experimental
The measurements were performed in the chamber of the beamline SX700 at the ASTRID storage ring, ISA, The temperature was controlled by a thermocouple that (115) P.J. Godowski, J. Onsgaard was bent into a hole at the top of the sample (Fig. 2) . To remove gaseous impurities, the sample was annealed in Work function changes were measured on the base of the shift of the low energy tail of the secondary electron peak with a sample bias of −9.00 V relative to the ground potential [14] . The shift in the secondary peak was measured at a point with a 7.510% (in dependence of the substrate used, but the same for the one series of measurements) intensity of the peak value of the secondary emission peak. The example for the Cu(100) case is shown in Fig. 3 as the inset; the precision of determination was evaluated as better than 0.01 eV.
Results and discussion
Clean vicinal to Cu(100) surfaces were investigated by means of two-photon photoelectron spectroscopy by Roth et al. [15, 16] . A systematic dependence on the step density with the work function dierence of 0.050 eV and 0.085 eV for (119) and (115) surface, respectively was published. In the context of above, the work function of the Cu(100) was given as equal to 4.650(5) eV.
The details of the cleaning procedure and sample surface preparation during cleaning process were not mentioned. There have been made many experimental and theoretical studies of alkali metal adsorption on copper substrate [17] . In the submonolayer range at room temperature adsorption, the overlayer is inuenced by the presence of steps on the substrate and dierent distinct phases are observed (e.g. [18, 19] ). Potassium deposited at low temperature leads to amorphous, but homogeneous lms whereas growth at room temperature results in a motion of disjoined crystalline islands. Due to big dierence between lattice constants of potassium (bcc, 532.8 pm) and copper (fcc, 361.49 pm), in principle, the full monolayer structure of alkali does not depend on the substrate orientation. Low temperature (123 K) adsorption of potassium on the Cu(100) leads to the Stranski Krastanov deposition mode, i.e. after completion of 13 layers, the growth is 3D islands [20] . It is expected that the complete monolayer of K on the (100), (119) and (115) From the slope of the rst part of the graph, the initial dipole moment of the potassium ions acquires the value from the 9.88.0 D interval as determined from the Helmholtz equation [21] . Then follows the more or less deeper minimum and at the end the saturation. The extent of the minimum corresponding to the stepped surface is smaller and it could be caused by the presence of residual carbon contamination. The most exact and reliable value of ∆φ is that at saturation. Although it corresponds to the same, most dense, potassium monolayer, the saturation value varies for the dierent planes.
It is induced by dierences in the work function of the clean surfaces under investigation. The are collected in Table. The uncertainty was evaluated from the scatter of two last points.
According to the presented framework, the dierences in the saturation value of the work function could be treated as the dierences between the work function of the initial surfaces. Figure 4 shows the relation between the relative value of the work function with the step density. It is seen that the work function decreases linearly with increasing step density, i.e. φ(100) > φ(119) > φ(115); all in the range of 0.15 eV. Fig. 4 . Relative work function of vicinals of Cu(100).
The eect of atomic scale surface roughness is interpreted in terms of the smoothing of the electronic charge density parallel to the surface [5] . This smoothing leads to a more positive surface potential and a lowering of the work function.
